INTRODUCTION
The New World passerine family Vireonidae is comprised of four genera; Vireo, Hylophilus, Vireolanius and Cyclarhis. Vireo is the largest of these genera, containing 26 species (AOU 1983) 11 of which occur in North America. Based on a variety of morphological and behavioral characters, the genus Vireo is currently subdivided into three subgenera ( This value is small when compared to nonavian vertebrates, but is three times larger than the mean genetic distance among the species of the genus Anus and at least four times larger than mean distances among species within the passerine genera, Melospiza, Dendroica and Parus, studied to date (see Tegelstrom and Gelter 1990, for a review of genetic distances). This large distance may be due to two factors which are not mutually exclusive. The taxon may be relatively old (Avise et al. 1982) or it may be undersplit at the generic and specific levels (Johnson et al. 1988 ). Johnson et al. (1988) , in an extensive electrophoretic survey of the family Vireonidae that included a number of the commonly recognized species, found four main taxonomic groupings within the genus Vireo: an eye-ringed group (V. griseus, V. solitarius, V./.avifrons, V. vicinior, V huttoni and V. carmioli), the seemingly distinctive V. bellii (previously grouped with eye-ringed taxa), and two eye-lined groups, the gilvus group (I' . gilvus and V. philadelphicus) and the olivaceus group (V. olivaceus and V. altioquus in this study). Additionally, the confamilial genera Vireolanius, Cyclarhis and Hylophilus clustered with members of the genus Vireo, suggesting that Vireo is a polyphyletic taxon. Also from these data, Johnson et al. suggested that the four abovementioned taxonomic groupings be raised to generic rank. They declined, however, to make this a formal recommendation. They do recommend, formally, the disuse of the categories of subgenera within Vireo.
MOLECULAR ANALYSIS
The appropriate region of DNA to consider in a phylogenetic study is a function of the relatedness of the taxa examined. Mitochondrial DNA (mtDNA) is ideal for phylogenetic analysis of closely-related taxa because it evolves about 10 times faster on average than nuclear DNA (Brown 1985) . In addition, it is a haploid, maternallyinherited, genome which makes it easier to characterize than diploid, nuclear DNA. In the class Aves, mitochondrial DNA variation has been used to examine species relationships within genera and within species, e.g., waterfowl (Anus), sparrows (Melospiza), warblers (Dendroica) (Kessler and Avise 1985) geese ( 
MATERIALS AND METHODS

SAMPLE COLLECTION
DNA was isolated from tissue samples representing nine Vireo species commonly found in North America, for two species of the confamilial genera Vireolanius and Cyclarhis and the Blackbilled Magpie (Pica pica). The Black-billed Mag-pie was used as an outgroup, based in part on the recommendation of Sibley and Ahlquist (1982, 1990 ) that vireos and magpies (Corvidae) are in the same parvorder Corvidea. For each sample, liver, heart, and pectoral muscle were either frozen on solid CO, or in liquid N, following collection and stored in a -70°C freezer. All samples were provided by either the Provincial Museum of Alberta, Edmonton; the Royal Ontario Museum, Toronto; Louisiana State University, Baton Rouge; or the Field Museum of Natural History, Chicago. The species collected, sample sizes, geographic location of the acquisitions, and corresponding haplotypes are listed in Table 1 . AMPLIFICATION 
OF CYTOCHROME b
One to 2 ml of sample representing about 100 ng of DNA was used to start the reaction. The reaction mixture contained 10 ml of a 10 x standard PCR buffer (2.0 mM MgCl, final concentration), 200 nM dNTPs, 1 unit of Taq DNA polymerase (Promega), 20 pmol of each primer, was made up to a volume of 100 ml with deionized H,O and covered by a layer of oil to prevent condensation. The primers were H15 149 (5' > CCTCA GAATG ATATT TGTCC TCA < 3' ) and a modified version of L 1484 l(5' > ATCCA ACATC TCAGC ATGAT GAAA < 3' ) as described by Kocher et al. (1989) . The modification involved the removal of five to six base pairs at the 5' end. The program for the thermal cycler was as follows: 93°C for 5 min, 54°C for 1 min and 72°C for 2 min. This initial cycle was followed by a slightly different cycle which was repeated 30 times. This cycle was 94°C for 15 set, 54°C for 30 set, and 72°C for 2 min. The final cycle was the same as the latter except the reaction was held by 72°C for 10 min.
ISOLATION OF PCR PRODUCT
To ensure that the desired PCR product was sequenced, the product was excised from a 1% low melting point (LMP) agarose gel. The LMP wedge was dissolved in deionized H,O up to a volume of 1 ml by heating for 10 min at 65°C (Gyllensten 1989 Figure 3 was constructed using the Neighbor program included in the Phylip package. Bootstrap analysis of this tree was performed with 1,000 replicates, using this tree building method. Figure 4 was produced through the Fitch-Margoliash and least square methods employed by the Fitch program with the global rearrangement option. Bootstrap analysis of the Fitch tree was again performed using the same Fitch options on 1,000 replicates.
In both trees, the confidence values of the internal lineages were assessed by a bootstrap analysis (Felsenstein 1985) using the options avail- Table 2 Amino acid analysis. In these taxa, a total of 16, first and second positions within a codon display base pair changes which lead to 12 amino acid changes (Fig. 2) . Six of these amino acid changes are phylogenetically informative. The conservative change of valine to isoleucine occurs in three of these informative amino acid changes (see Fig. 2 ). Both valine and isoleucine contain nonpolar aliphatic side chains and are relatively unreactive. Furthermore in the molecule studied, these changes all occur in transmembrane regions (Howell 1989 ) are all the result of transitions, and in the case of the substitution at position 7 (Table 2), are highly variable. At this position, variation is observed within one subspecies (V. g. gilvus) and also between closely related taxa. For example, position 7 varies between the subspecies pair V. g. gilvus and V. g. swainsonii and also between the subspecies pair V. s. solitarius and V. s. cassinii. For these reasons, this amino acid change did not receive additional weight in the cladistic analyses. The remaining three informative positions, caused by five nucleotide substitutions, were either transversions or transitions that lead to a change from a polar to nonpolar amino acid. These changes were weighted as described above in the methods for cladistic analyses.
ESTIMATES OF PHYLOGENY
Phenetic analysis. The Neighbor-Joining distance tree (Fig. 3) derived from Kimura' s distances (Table 3) (Fig. 4) is similar to the Neighbor-Joining tree (Fig. 3) Table 3 utilizing the computer program Fitch contained in the phylogenetic package Phylip 3.5~ (Felsenstein 1993). Percent divergence is represented by the total horizontal distance between terminal tips and can be estimated using the scale. Numbers located at the nodes indicate the number of bootstrap trees out of 1,000 that contain this branching pattern. The underlined taxa differ in their placement within the tree from the Neighbor-Joining analysis. tency index (CL) of approximately 0.6 (ranges from 0 to 1; 1 indicates all characters are consistent with the given tree). In a separate analysis only transition character changes, a subset of 38 characters, were used to estimate phylogeny (results not shown). In this case, the C.I. of the most parsimonious trees was 0.421. From this result it can be argued that the weighted characters (transversions and selected nonsynonymous substitutions) contain a more consistent record of the phylogeny of the species under examination than the transitional events.
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DISCUSSION GENERIC RELATIONSHIPS
In all analyses, K leucotis is found to be the most diverged member of the Vireonidae examined. This is consistent with monophyly of the genus Vireo. The position of C. gujanensis is less clear. Although the exact position of the Rufous-browed Peppershrike is unclear, it is more closely related to Vireo than the Slaty-capped Shrike-vireo. In two analyses, the Fitch-Margoliash distance tree and the Maximum Likelihood tree, the genus Vireo appears to be polyphyletic. In these two trees, C. gujanensis is situated next to the subspecies of V. solitarius. Alternatively, monophyly in Vireo is supported by the weighted cladograms and the Neighbor-Joining distance tree. Bootstrap analysis and the variability of results indicate an uncertainty in the placement of C. gujanensis within the phylogeny of the present species. Further sequence analysis and the addition of more vireo species or subspecies (e.g., V. solitarius plumbeus) are needed to resolve the question of monophyly within the genus Vireo. (Fig. 3) support this clade. The remaining trees (Figs. 4, 5, 6 ) suggest an ancestral proto eye-ringed vireo has given rise to all subsequent forms. There appear to be two major groups within this clade: the V. belli, V griseus group and the V. solitarius group. The V. solitarius clade is supported strongly in the bootstrap analyses (95% Fig. 3; 95% Fig. 4) and V. griseus (n = 5) showed a level of relatedness paralleling results for these taxa in our mtDNA study. This electrophoretic result of Johnson et al. (1988) which is in conflict with our DNA sequence results, may be due to the differences in the assumptions of the two techniques. In assessing protein variation, the homology of the characters (electromorphs) is not known to the same level of certainty as DNA sequence variation. Furthermore, the degree of genetic difference between the electromorphs is unknown. Evolutionary events such as genetic bottlenecks may lead to fixed allele differences which result in an overestimate of genetic difference. For example the large number of fixed allele differences of V. bellii (Johnson et al. 1988 ) but low sequence differences (this study) may be the result of genetic bottleneck or similar phenomena.
METHODOLOGY
The low bootstrap confidences of the branches in the eye-ringed clade may indicate a number of methodological problems. First, the length of sequence examined is only 273 bp. Martin et al. (1990) investigated variation in genetic estimates in relation to the size of homologous sequences compared. They reported that variation in estimates of genetic distance increases as the area of homologous DNA examined decreases. This may explain the difference in confidence levels between the eye-lined and eye-ringed clades. The eye-lined clade contains two groups, the olivaceus and gilvus groups, which appear to have evolved relatively early in the history of the clade and then, only fairly recently, speciated into the taxa examined here. The first split, characterized by at least five transversional events, is followed by the more recent speciation of I/ gilvus and V. philadelphicus, characterized by one transversional event, and V. olivaceus and V. altiloquus, having no transversional events (see Table 3 ). These types of widely spaced and thus highly characterized evolutionary events are likely to be observable in analyses of small regions of DNA. Conversely, the eye-ringed clade seems to have undergone a more uniform speciation process. This is illustrated by a pairwise comparison of transversional events between the member taxa which ranges evenly between one and seven. Because the evolution of this clade has been more uniform, including a number of relatively contemporaneous speciation events, it is possible that speciation events are blurred by the two processes of random parallel nucleotide substitution or reversions and, thus, the pitfall of examining a small region of homologous DNA. Additional sequencing of other regions of the mtDNA would be required to test this hypothesis and improve the estimation of the phylogeny of the eye-ringed clade.
Small sample sizes for each species may have led to the low confidence values for the eye-ringed clade. The seemingly contradictory characters that lead to low confidence values for the bootstrap analyses may be simply the retention of ancestral polymorphisms. Because the sample sizes used here are small, this possibility cannot be addressed. It seems unlikely, however, as geographic variation in mtDNA is low in other North American birds (Ball et al. 1988 , Moore et al. 1991 .
A final problem with this study is that only nine of the 26 currently recognized species of Vireo were included in this survey. The addition of the remaining species' of Vireo would help to clarify some species relationships. One strength of comparing sequence data is that samples once obtained and sequenced can be added easily to the data base for reanalysis. This is clearly a future direction for investigation of vireo systematics. 
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